ABSTRACT The reproducibility of sputum cell counts was examined and the cell counts in patients with asthma were compared with those in patients with chronic bronchitis. Three groups of subjects were studied. Sputum from eight patients with chronic asthma and with sputum production were studied to determine the reproducibility of sputum cell counts. The findings in 10 non-smokers with asthma uncomplicated by other airway disease examined at the time of an exacerbation with sputum (group 2) were compared with those from eight smokers with chronic cough and sputum but no features of asthma (group 3). Sputum plugs were selected by microscopy to ensure their origin from the lower respiratory tract. A total cell count was performed on a trypsinised suspension, and differential and metachromatic cell counts were performed on undiluted plugs. The within specimen and test-retest reproducibility of these measurements was high (reliability coefficient, R, = 099 and 0O89). The sputum of the asthmatic patients was characterised by eosinophilia (69%, range 46-92%) and the presence of formaldehyde blockable metachromatic cells (1-5%, range 0'6-2-8%). In comparison, the sputum of the patients with chronic bronchitis had few eosinophils (0-5%) or metachromatic cells (0' 14%); the dominant cell type was the macrophage (83%). It is concluded that sputum cell counts are reproducible in the short term, the inflammation of asthma is characterised by eosinophilia and metachromatic cells in sputum, and sputum may provide a useful source ofcells for investigating the cellular characteristics of airway inflammation.
Introduction
Airway inflammation is important in the pathology of asthma, consisting ofeosinophilic infiltrates, epithelial damage, and mucus plugging.' In clinically stable patients bronchoscopy has been used to study airway inflammation,23 but an increased risk limits the use of this technique in patients with an exacerbation. A noninvasive technique such as sputum analysis could provide an alternative method to study the cellular pathology of asthma during an exacerbation.
Sputum eosinophilia has been reported to be a characteristic feature of asthma' and "basophils" have been observed in the sputum of some patients with asthma6; other authors, however, have described sputum eosinophilia in chronic bronchitis.7' This discrepancy may be due to diversity in the clinical characterisation of subjects or the methods used for sputum analysis. We have therefore examined the reproducibility of sputum cell counts and compared the sputum cell counts of non-smokers with an exacerbation of asthma with those of smokers with chronic bronchitis, paying careful attention to the selection and classification of subjects.
Methods

SUBJECTS
Three groups of adults were selected, the first two being from St Joseph's Hospital. Eight adults with regular daily sputum (group 1) were studied to determine the reproducibility of sputum cell counts and were selected solely by their willingness to bring the first specimen of sputum expectorated on each of two consecutive days. AHl were considered to have asthma, and were receiving corticosteroids. There was chronic airflow limitation in seven.
Group 2 comprised 10 non-smoking adults seen in the clinic who were experiencing an exacerbation of asthma associated with a productive cough; they were not receiving treatment with corticosteroids or sodium 693 Table 1 Gibson, Girgis-Gabardo, Morris, Mattoli, Kay, Dolovich, Denburg, Hargreave Characteristics ofthe subjects in group 2 (asthma) and group 3 (chronic bronchitis) fig 1) . To examine the reproducibility of sputum differential cell counts, the reliability coefficient was calculated for each cell type enumerated. There was high reproducibility for the differential cell counts from two plugs from the same specimen (R > 0-7 for all cell types) and from specimens collected on consecutive days (R > 0-7 for all cell types) (table 2). In particular, the reproducibility of eosinophil and metachromatic 60' cell counts was high, both within specimens (R = 0-97 eosinophils, R = 0-95 metachromatic cells) and between two consecutive specimens from the same patient (R = 0-96 eosinophils, R = 0-94 metachromatic cells) (table 2, fig 2) .
COMPARISON OF SPUTUM CELL COUNTS IN ASTHMATIC PATIENTS AND SMOKERS
Sputum from the patients in group 2 (asthma) differed from that from patients in group 3 (smokers) with respect to the number of eosinophils and metachromatic cells, the number and morphological appearance of macrophages, and the staining properties of the background mucus (table 3) . In group 2 68-7% (5-1%) of the cells were eosinophils compared with 0-53% (0-24%) in smokers (p < 0-01). Metachromatic cells comprised 1-52% (0-24%) of the cells, compared with 0-14% (0-04%) in smokers (p < 0-01). Most of the eosinophils had the morphology of peripheral blood eosinophils, with a typical bilobed nucleus. A second type of eosinophil, however, with a single round or oval nucleus was also seen in nine of 10 patients in group 2. Many, but not all, of these resembled mature eosinophils in size but had pyknotic nuclei; they were not seen in the smokers (p < 0-01).
There was no correlation between the percentage of eosinophils or metachromatic cells and pretreatment FEVY (% predicted), FEV,/VC%, or PC20 in the subjects in group 2 (p > 0-05).
The dominant cell in the smokers was the macrophage, comprising 82-5% (1-6%) of the total cells, compared with 15-2% (3-4%) in group 2 (p < 0-01). The macrophages from the smokers were larger, their cytoplasm was basophilic with May-GrunwaldGiemsa stain, and multinucleate cells were frequent. In unstained preparations the macrophages of the smokers had cytoplasmic inclusions pigmented with pale yellow. Metachromatic staining of the background mucus, suggesting an increase in acidic glycoproteins, was present more frequently in sputum smears from group 3 (smokers) than from group 2 (asthma) (p < 0-05).
There were no significant differences between groups 2 and 3 in sputum total cell counts, intact bronchial epithelial cells, lymphocytes, or polymorphonuclear neutrophils. Curshmann The metachromatic cells in asthmatic sputum had the morphological features of mast cells when examined by light microscopy; basophils were recognised in only one subject. These results apparently differ from those of Kimura, who reported "basophils" in sputum,6 though in that study the criteria used for cell classification were not clear. The almost complete absence of basophils in sputum contrasts with their predominance in nasal secretions in allergic rhinitis, where basophils comprise 40-80% of metachromatic cells" 12 (table 4) . Although the reasons for this difference are not clear, one possibility is that the local tissue environment may influence the type of metachromatic cell found in tissue sites,'7 especially as locally derived growth and differentiation factors for eosinophils and metachromatic cells are a feature of respiratory diseases such as allergic-rhinitis and nasal polyposis. '8 There was also great variation in the size of the metachromatic cells, many small mast cells being present. This heterogeneity of size has been reported previously in studies of enzymatically dispersed human lung mast cells'9 and of nasal secretion metachromatic cells in allergic rhinitis." 12 A recent ultra-
